Purpose. To compare the measured resection technique and the gap balancing technique for correction of the femoral rotational alignment. Methods. 57 women and 6 men (mean age, 70 years) with end-stage osteoarthritis and <15º malalignment and <10º flexion contracture of the knee underwent primary total knee arthroplasty through the medial approach using the measured resection technique (n=34) or the gap balancing technique (n=29). Femoral rotational alignment was evaluated before and 7 days after surgery using computed tomography by referencing the 2 posterior condyles to the transepicondylar axis. Results. The 2 groups did not differ significantly in terms of correction of the femoral rotational alignment (3.4º±1.4º vs. 3.5º±3.1º, p=0.817). Conclusion. The measured resection and the gap balancing techniques achieved comparable correction of femoral rotational alignment.
introduction
In total knee arthroplasty (TKA), malrotation of the femoral component is associated with patellofemoral maltracking, flexion instability, stiffness, abnormal gait patterns, knee pain, and wear or loosening of the prosthesis. [1] [2] [3] [4] [5] [6] [7] Rotational alignment of the femoral component can be determined by the measured resection technique and the gap balancing technique. The former is based on several fixed bony landmarks (such as the transepicondylar axis, the anteroposterior line or Whiteside's line, and the posterior condylar line adding 3º of fixed external rotation), regardless of the tension of the ligaments. [4] [5] [6] 8 In the latter, the femoral component is positioned parallel to the resected proximal tibia following proper balancing of the collateral ligaments (in both extension and flexion). 1, 8, 9 The optimal technique to determine the rotational alignment of the femoral component remains controversial. 4, [6] [7] [8] 10, 11 Reproducibility of both techniques is low. 1, [12] [13] [14] [15] In the measured resection technique, the landmarks may be difficult to identify. 16, 17 Moreover, variability among patients is high in terms of rotation of the distal femur and hypoplasia or wear of the posterior part of the condyles. 4 Whereas the gap balancing technique may be affected by an inappropriate tibial cut and false tensioning of the collateral ligaments. 4 This study compared the 2 techniques in terms of correction of the femoral rotational alignment.
MATERIALS AND METHODS
This study was approved by the scientific research board of our institution and conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from each patient. The sample size was estimated from previous studies according to the mean difference in external rotation of the femoral component between the 2 techniques. 8 Based on such a difference of 0º to 3º, 8, 10 at least 29 patients were needed in each group to detect a mean difference of 3° (standard deivation [SD], 4°), with a power of 0.8 and an α value of 0.05.
Between February 2007 and October 2009, 57 women and 6 men (mean±SD age, 70±6 years) with end-stage osteoarthritis and <15º malalignment and <10º flexion contracture of the knee underwent primary TKA through the medial approach using the measured resection technique (n=34) or the gap balancing technique (n=29). Patients were non-randomly allocated; a single experienced knee surgeon used a single implant design in each group. Patients with any previous knee operation were excluded, as were those in whom appropriate landmarks could not be identified in preoperative computed tomography.
In the measured resection group, the Medial Rotation Knee (Finsbury Orthopaedics, Leatherhead, UK) prosthesis was used. The posterior condylar line was used to determine the proper rotation of the femoral component. The tibial cut was made using an external tibial alignment system. The intramedullary femoral rod was then inserted 5 to 10 mm proximal to the intercondylar notch and 5 to 10 mm medial to the midline. The femoral resection guide was attached to the intramedullary femoral rod, assembled with a femoral alignment jig allowing 3º of fixed external rotation.
In the gap balancing group, the GMK Primary (Medacta International, Switzerland) prosthesis was used. The proximal tibial cut was perpendicular to the mechanical axis of the tibia, using an external tibial alignment system attached to the proximal tibia and to the ankle. Alignment and soft-tissue balancing were assessed in extension. An intramedullary femoral rod attached with a cutting block guided a 5° valgus distal cut. A rotationally unconstrained femoral resection guide was then inserted on top of the resected distal osteotomy. A rectangular spacer block was applied to the femoral resection guide and placed parallel to the resected proximal tibia to determine the femoral rotation cut.
Femoral rotational alignment was evaluated before and 7 days after surgery using computed tomography. Patients were placed in a supine position, with the affected leg in full extension using an antirotation boot. Two-mm thick images perpendicular to the long axis of the leg were taken from the distal femoral metaphysis to the tibial tubercle. Images were evaluated by a consultant orthopaedic surgeon and a musculoskeletal radiologist who were blinded to the techniques used. Femoral rotational alignment was calculated by referencing the 2 posterior condyles (a line drawn tangent to the most posterior part of the condyles) to the transepicondylar axis, which is a line drawn from the lateral epicondyle to the most prominent point of the medial epicondyle (Fig.) . The rotational deviation of the femoral component was determined by an angle between the line connecting the posterior condylar line of the femoral implant and the transepicondylar axis (Fig.) .
The normality of groups' data distribution was tested using the Kolmogorov-Smirnov test or the Shapiro-Wilk test. The hypothesis of equality of means was discarded when the probability of a type-I error was ≤5%. All tests were 2-tailed. Kappa coefficient was used to determine the interobserver reliability between the orthopaedic surgeon and the radiologist. Independent sample t-test was used to compare the femoral rotation alignment between the 2 groups. The Mann-Whitney U test was used to compare the correction of the femoral rotational alignment between the 2 groups. The Pearson Chi squared test was used to compare the proportion of patients with rotational deformity <3º or >3º, and with rotational correction of >5º between the 2 groups.
results
The interobserver variability for rotational alignment of the femoral component was 0.856. The respective measured resection and gap balancing groups did not differ significantly in terms of preoperative femoral rotational alignment (6.4º±1.4º vs. 5 .4º vs. 3.5º±3.1º, p=0 .817), proportion of patients with the femoral component not aligned within 3° with reference to the transepicondylar axis (38% vs. 51%, p=0.283), and proportion of patients with correction of the femoral rotational alignment of >5° (9% vs. 24%, p=0.095). The corresponding values between females of the 2 groups also did not differ significantly (Table) .
discussion
Correct rotational alignment of the femoral component enables proper kinematics in TKA. 18 Placing the femoral component parallel to the transepicondylar axis leads to a biomechanically sound knee motion in flexion and extension. 5 The effects of excessive external or internal rotation of the femoral component are detrimental. [19] [20] [21] Whether the measured resection or gap balancing technique is better in determining the rotational alignment of the femoral component remains controversial. 4, 8, 10, 11 The gap balancing technique enables better coronal stability, based on the incidence and magnitude of the femoral condylar lift-off, 22 but surgical technique alone only contributes to part of the kinematics.
Preoperative femoral rotational alignment may influence postoperative rotation alignment of the femoral component, which is mainly determined by the degree of the ligamentous release and an accurate tibial cut; valgus knees show more external rotation of the femoral component than varus knees. 4, 6 In the measured resection technique, the landmarks may be difficult to identify. 16, 17 Only 75% of knees are aligned within 3º of the true epicondylar axis when the epicondyles are used to determine the rotational alignment. 16 When the posterior condylar axis is used to determine the rotational alignment, the variability of the femoral rotational alignment among patients renders the 3° of fixed external rotation of the femoral component insufficient for some patients. 7 Moreover, the posterior condylar axis may be misleading because of degeneration of the posterior condyles, especially in valgus knees. 4 Women tend to have more valgus alignment and smaller distal femur of a different shape compared with men. 23, 24 One limitation of this study was that patients were not randomised. Nonetheless, patients were consecutive and matched between groups, and only a single experienced knee surgeon used a single implant design in each group. Another limitation was that radiographic findings did not correlate with clinical symptoms or intra-operative measurements. Nonetheless, femoral component malrotation is associated with numerous clinical consequences. 4, 5, 25 The use of transepicondylar axis as a reference for rotational alignment of the femoral component may have introduced biases. Despite a growing consensus that optimal rotational alignment of the femoral component should be parallel to the transepicondylar axis, 7 the transepicondylar axis may alter in varus and valgus knees or other pathological variations 5 and has low reproducibility during TKA. [12] [13] [14] [15] In addition, the osteoarthritic process may influence the transepicondylar axis measurement due to cartilage erosion, particularly in the posterior condyles.
conclusion
The measured resection and the gap balancing techniques achieved comparable correction of femoral rotational alignment.
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